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The effects of temperature and length of incubation on ochratoxin A production
in various substrates were studied. The optimal temperature for toxin production
by Aspergillus ochraceus NRRL-3174 was found to be around 28 C. Very low levels
of ochratoxin A are produced in corn, rice, and wheat bran at 4 C. The optimal
time for ochratoxin A production depends on the substrate, ranging from 7 to 14
days at 28 C. Ochratoxin B and dihydroisocoumaric acid, i.e., one of the hydrolysis
products of ochratoxin A, were produced in rice but at levels considerably lower
than ochratoxin A. No ochratoxin C was produced in rice at 28 C. When added to
rice cereal or oatmeal, the toxin was found to be very stable over prolonged storage
and even to autoclaving for 3 hr.

The discovery of toxicity produced in corn by
Aspergillus ochraceus (10) led to the isolation of
three chemically related toxic metabolites, i.e.,
ochratoxins A, B, and C (6). Ochratoxin A has
been shown to be toxic to a variety of laboratory
animals (8, 16). Although natural outbreaks of
this kind of food intoxication have not been re-
ported, A. ochraceus has been readilv isolated
from many cereal and other food products. The
occurrence of this toxin in poor-grade corn (14)
and moldy wheat (13) has been demonstrated. In
addition to A. ochraceus, A. sulphureus, Penicil-
liunm viridicatum (12), and A. melleus (M. Lai, G.
Semeniuk, and C. W. Hesseltine, Phytopathology
58:1056, 1968) also have been shown to produce
ochratoxin A. Studies have been published on
the detection and estimation of the ochratoxins
(1, 4, 11) and also on their microbiological and
toxicological properties (2, 5, 8).
Adequate control measures can not be deter-

mined until more is known about the conditions
under which the toxin is produced. This study was
undertaken to determine the effects of incubation
time on total ochratoxin A production, the occur-
rence of other ochratoxins in the substrate, and
the effects of various substrates on toxin forma-
tion. The stability of ochratoxin A in food stored
under different conditions was also studied.

I Published with the approval of the Director of the Research
Division, College of Agricultural and Life Sciences, The Uni-
versity of Wisconsin. Presented in part at the 70th Annual Meeting
of the American Society for Microbiology, Boston, Mass., 27
April 1970.

MATERIALS AND METHODS
Organism. The culture used for ochratoxin produc-

tion throughout this study was A. ochracetus NRRL-
3174 kindly supplied by C. W. Hesseltine, Northern
Regional Research Laboratory, USDA, Peoria, Ill.
The culture was grown on potato-dextrose-agar slants
at room temperature and stored at 5 C.

Culture. The substrate, either 20 or 30 g, was placed
in a 500-ml Erlenmeyer flask, soaked with an equal
amount of tap water for 2 hr, and autoclaved for 20
min at 121 C. Flasks were inoculated with spores from
1- to 2-week-old slants. The flasks were incubated in
the dark and shaken once a day to break the mycelial
mass. Five temperatures (4, 15, 20, 28, and 37 C) and
four foods (wheat bran, corn meal, polished rice, and
bleached flour) were studied. Methods used for ex-
traction, analysis, and preparation of secondary
standards have been described previously (1).

Toxin stability. To study the stability of the toxin
in cereals, 18 ,ug of purified ochratoxin A in 0.5 ml of
sterilized, distilled water was added to 10 g of food.
The toxin-containing food was transferred to a plastic
bag, flushed twice with nitrogen, and vacuum-sealed.
These were stored at 4 and 28 C for various times, and
two assays of 5 g each were made for individual sam-
ples. To determine the stability of the toxin to auto-
claving, 40 ,ug of ochratoxin A in 0.5 ml of sterilized,
distilled water was added to 100 g of cereal in a 500-ml
Erlenmeyer flask. Either no water, 50 ml of distilled
water, or 50 ml of 20% acetic acid was added to each
flask. The samples were autoclaved at 121 C for 0.5,
1, and 3 hr, respectively. Similarly, two analyses of 50
g each were made for individual samples after auto-
claving.
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RESULTS
Effect of temperature and substrate. Two flasks

were harvested for each substrate and tempera-
ture at various times over a period of 2 weeks,
except in the 4 C experiments which were har-
vested after 21 and 28 days of incubation. Table 1
shows the results of incubation at 4 C; only slight
growth of the fungus was observed at this tem-
perature. The amount of toxin formed is very
low; about 3 ,ug of ochratoxin A was produced
after 28 days of incubation. This is a contamina-
tion level of slightly over 100lig/kg.

Table 2 shows the effect of temperature on
ochratoxin A production in polished rice and
wheat bran over a 2-week incubation period.
Toxin production at 15 C is very slow; however,
1 to 2 mg of toxin is present after 2 weeks. This
is a final toxin level of 30 to 60,ug/g of substrate.
The optimum temperature for ochratoxin A pro-
duction was found to be 28 C. At this tempera-
ture, ochratoxin A was found at levels of 1.5 to
1.8 mg/g of substrate after 7 to 14 days of incu-
bation. Ochratoxin A formation at 37 C was
considerably lower than at 28 C.

TABLE 1. Production of ochratoxin A in different
cereal products at 4 C

Ochratoxin production in

Incubation Corn Rice Wheat bran
(day)-

Micro- Micro- Micro- Micro- Micro Micro-
gasgrms/ gram grams! grms grams/grmagram gasgram ga gram

21 2.67 0.09 0.94 0.03
28 3.05 0.10 3.11 0.10 2.74 0.09

a Values expressed as micrograms of ochratoxin
A per 30 g of substrate per flask.

The effects of substrate on ochratoxin A pro-
duction are shown in Fig. 1. At 28 C, chopped
corn was the best substrate for production of
ochratoxin A. Polished rice and wheat bran
yielded comparable amounts of toxin, but slightly
longer incubation was required for maximum pro-
duction. Bleached flour did not support the pro-
duction of large amounts of toxin. This may be
due to inadequate aeration since the flour formed
a paste after sterilization.
The occurrence of ochratoxins other than

ochratoxin A was studied in rice incubated at
28 C. Standards of ochratoxin B, ochratoxin C,
and one of the hydrolysis products of ochratoxin
A, i.e., dihydroisocoumaric acid, were prepared

INCUBATION DAYS
FIG. 1. Production of ochratoxin A in various sub-

strates at 28 C. CC, chopped corn; PR, polished rice;
WB, wheat bran; BF, bleachedflour; 30 g of substrate
perflask.

TABLE 2. Effect of temperature and length of incubation on ochratoxin A production in rice and wheat bran

Ochratoxin production at tempa

Incubation (days) 15 C 20 C 28 C 37 C

PR WB PR WB PR WB PR WB

3 0.03 0.06 0.01 0.19 0.45 0.37
5 0.05 0.11 0.10 0.23 29.22 15.79 0.24 0.29
7 0.09 0.12 0.69 8.26 30.23 35.38
9 0.09 0.10 11.16 11.13 40.48 38.15 15.10 0.38
12 0.54 0.49 14.27 11.08 53.13 44.11 1.33 0.13
14 2.00 1.05 12.09 11.00 39.24 44.39 2.16 0.24

a Values expressed as milligrams of ochratoxin A per 30 g of substrate. PR, polished rice; WB, wheat
bran.
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TABLE 3. Production of ochratoxin B and
dihydroisocoumarin in rice incubated

at 28 Ca

Toxin concn (uAg/g)
Incubation (day)

Ochratoxin B Dihydroiso-coumarin

3 4.97 0.86
5 25.59 2.90
7 25.07 3.99
9 44.80 3.33
12 53.59 7.39
14 22.43 6.12
17 26.90 6.58

a Incubated with 20 g of substrate per flask.

TABLE 4. Stability of ochratoxin A in
cereal prodictsa

Ochratoxin in

Storaged b Time (week) Oatmeal Rice cereal

Amt Per centc Amt Per
(pg) (j.sg) cent

4-D 1 18.9 105.0 13.8 76.1
3 12.0 66.6 10.3 57.2
12 8.5 47.4 8.7 48.1

28-D 1 18.5 102.8 13.5 75.2
3 11.2 62.2 8.3 46.1
12 8.1 45.0 8.5 47.4

28-LD 3 16.4 91.1 6.6 36.7
12 6.4 35.7 7.6 42.2

a Ochratoxin A (18,ug) added to the tested food.
b Numbers indicate Centigrade temperature.

D, experiment carried out in the dark; LD, flasks
exposed to light during the day.

c Per cent of ochratoxin A remaining.

for quantitation of these compounds in the rice
extracts. The results of this experiment are shown
in Table 3. No ochratoxin C was found in any of
the extracts. The amount of ochratoxin B was
about 25 times less than the amount of ochra-
toxin A formed (Table 2). The dihydrocoumarin
was present in even lower concentrations.

Stability of ochratoxin A. Table 4 shows the
stability of ochratoxin A in cereal products. The
toxin was very stable when stored in darkness at
4 or 28 C for 1 week. After 12 weeks, about 45%
of the toxin was still recoverable from these
samples. Although pure ochratoxin A is light-
sensitive (7), the effects of light on toxin added to
the cereal seemed to be slight, with similar levels
in samples stored in the dark and those stored in
light and dark.

TABLE 5. Effect of autoclaving on destruction of
ochratoxin A in oatmeal and rice cereal

Ochratoxin in
Heating conditions

Oatmeal Rice cereal

Water added Time Amt Per centa Amt Per cent(hr) (jug) (JAg)

None 0 37.34 100 37.90 100
0.5 6.43 17.22 4.27 11.27
1 6.45 17.27 4.46 11.77
3 4.67 12.50 5.30 13.98

50 ml 0.5 12.35 33.07 13.22 34.88
1 10.83 29.00 10.93 28.84
3 9.71 26.00 11.94 31.50

50 ml of 20% 0.5 14.96 40.06 15.63 41.24
acetic acid 1 11.79 31.57 11.90 31.40

3 6.59 17.65 9.46 24.96

a Per cent of ochratoxin A remaining.

Autoclaving contaminated samples for up to
3 hr failed to destroy completely the toxin (Table
5). It is of interest that the toxin was more readily
destroyed in dry cereal than in the presence of
water or even 20% acetic acid. Examination of
thin-layer chromatography plates from the auto-
claved samples revealed new fluorescent spots;
however, the toxicity of these substances is not
known.

DISCUSSION
The optimum temperature for ochratoxin A

formation by A. ochraceus appears to be very
similar to that for aflatoxin formation, 28 C. The
major difference is that there is considerable
ochratoxin A formation at 15 C, whereas only
small amounts of aflatoxin are formed at tem-
peratures in the range of 10 to 15 C (3, 15). Very
slow formation of ochratoxins appears to be
occurring at 4 C. This fact could be of significance
in the storage of grains at low temperatures. Al-
though the amount of toxin present after 4 weeks
of incubation at 4 C is very low, continuing pro-
duction might occur over longer periods. The
finding that lower yields of ochratoxin A are ob-
tained at 37 C could be due either to rapid degra-
dation ofthe toxin at this temperature or decreased
toxin formation by the organism. Evidence for the
former case might be seen in the presence of con-
siderable toxin after 9 days of incubation at 37 C
but a rapid decrease after 3 more days of incuba-
tion. These optimal and inhibitory temperatures
are certainly dependent upon the strain and
species of mold used to produce ochratoxins.
Penicillium viridicatum shows a considerably
lower range and optimal temperature profile than
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A. ochraceus (A. Ciegler, personal communica-
tion).
The toxin distribution study indicated that

ochratoxin A was the primary toxin produced by
A. ochraceus. Ochratoxin B and dihydroiso-
coumaric acid are present at considerably lower
levels and are also much less toxic than ochra-
toxin A. Ochratoxin C which is about as toxic as
ochratoxin A is apparently not produced in rice
by the isolate used. The optimum incubation time
for ochratoxin A production was found to be
dependent on the type of substrate used, varying
from 7 to 14 days. Schindler and Nesheim found
that maximum production of ochratoxin A in
shredded wheat occurred after 19 to 21 days at
22 C (9). Although the use of shredded wheat
may have affected toxin production, the lower
incubation temperature (22 C) would slow toxin
production, thus requiring a longer incubation
period for maximum yield.
The toxin stability studies revealed that ochra-

toxin A is a very stable compound which can
persist in foods even after 3 hr of autoclaving.
This would indicate that removal of ochratoxins
from food products might be very difficult, and
the best protection would be to prevent toxin
formation through satisfactory handling proce-
dures.
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